ABSTRACT: Partial sequences of cytochrome oxidase subunit I (COI) gene were studied in four populations of Sadleriana Clessin, 1890 from Slovenia and Croatia. All study localities were within the distribution range of S. fluminensis (Küster, 1852); one was the type locality of S. robici (Clessin, 1890), at which S. robici co-occurred with S. fluminensis. No significant differences were found in the genital characters of all the congeners. There were significant differences in shell characters between the syntopic S. robici and S. fluminensis. The molecular characters indicated relatively high differences (K2P distances about 0.03) among the populations of S. fluminensis, not corresponding with the shell habitus and dimensions. The highest differences (K2P distances about 0.07) were found between the syntopic S. fluminensis and S. robici specimens, which verifies species distinctness of these two lineages.
INTRODUCTION
Representatives of Sadleriana Clessin, 1890, with the type species S. fluminensis (Küster, 1852) , inhabit springs and rivers in Slovenia and Croatia (RADOMAN 1985 , KABAT & HERSHLER 1993 , SZAROWSKA 2006 ; apart from the Balkans one Sadleriana species is known from Bavaria in Germany (SZAROWSKA & WILKE 2004) . The genus was revised by RADOMAN (1967) and BOLE (1972) . According to RADOMAN (1983) , there are six species of Sadleriana in the Balkans: S. fluminensis, S. sadleriana (Frauenfeld, 1863) , S. robici (Clessin, 1890) , S. supercarinata (Schütt, 1969) , S. schmidti (Menke, 1850) and S. cavernosa Radoman, 1978 (the latter two subterranean). The nominal species listed above are distinguished based on the shell alone. In some cases their interspecific differences are weakly marked, like those between S. fluminensis and S. sadleriana, which differ only in shell size (RADO-MAN 1983) . In others, like S. cavernosa or S. robici, there are well-marked differences in shell morphology. In the latter, the shell is ovate-conical and resembles Bythinella. CLESSIN (1887-1890) described it as Bythinella robici. Interestingly, in the same monograph he confused a Bythinella with a neritiform shell for Lithoglyphus section Sadleriana, and described it as Lithoglyphus (Sadleriana) pannonica Clessin, 1890 (SZAROWSKA & WILKE 2004 . It is widely known that the shell is not sufficient for species distinction within the Rissooidea, Adriohydrobia Radoman, 1973 being a good example. Within that genus three nominal species were described based on a distinct shell habitus of each: A. gagatinella (Küster, 1852 ), A. kutschigi (Küster, 1853 ), and A. consociella (Frauenfeld, 1863 , but according to molecular data (WILKE & FALNIOWSKI 2001) all three taxa belong to one species, A. gagatinella. Even if two morphotypes are found at one locality they may not represent distinct species but only different generations that differ in shell morphology (FALNIOWSKI et al. 2012: Radomaniola) .
As noted above, two species of Sadleriana are subterranean, known only from the type localities; S. supercarinata was found within a very restricted range in Gacko polje, Croatia (RADOMAN 1983) . Of the other three, S. fluminensis is widely distributed in Slovenia and Croatia. In 2004 PÉTER SÓLYMOS recorded it in Serbia (Fruska Gora Mountains, P. SÓLY-MOS pers. comm.). According to RADOMAN (1983) in part of its range it may be found together with S. sadleriana (the drainage areas of the Sava and Ljubljanica rivers) and S. robici (the Krka River drainage area). CLESSIN (1887 CLESSIN ( -1890 gives the type locality of S. robici as the source of the Krka River. The main source of the river is situated in the cave Jama Krke. During our field collection in Slovenia and Croatia (4-10 June 2011) the cave was not accessible due to the huge outflow. However, in the source area of the Krka River, about 300 m from the main source, we found a smaller spring with two syntopic morphotypes of Sadleriana. Thus we regarded the smaller, high-spired specimens as topotypical S. robici.
Having two sympatric congeners from the type locality of one of them (S. robici) we found it interesting to verify the species distinctness of S. fluminensis and S. robici using molecular data. We included also specimens from the type locality of S. fluminensis and from two other localities that represented different parts of the species range (different river systems).
MATERIAL AND METHODS
The material was collected on 4-10 June 2011. Using a sieve, about thirty specimens of Sadleriana were collected from each of the four localities ( Snails were washed twice in 80% ethanol and left to stand in it for around 12 hours. Then the ethanol was changed twice more within 24 hours and finally, after a few days, the 80% solution was replaced with a 96% one, in which the samples were stored at -20°C.
For the morphological study we cleaned the snail shells in an ultrasonic cleaner and photographed them with a CANON EOS 50D digital camera. From each population two males and two females were dissected using a NIKON SMZ-U stereomicroscope.
DNA was extracted from foot tissue of each snail. The tissue was hydrated in TE buffer (10 mM TRIS-HCl pH 8.0, 1 mM EDTA) (3 × 10 min.); then total genomic DNA was extracted with the SHERLOCK extracting kit (A&A Biotechnology), and the final product was dissolved in 20 µl TE buffer (the same concentration as used for hydration). The PCR reaction was performed with the following primers: LCO1490 (5'-GGTCAACAAATCATAAAGATATT GG-3') (FOLMER et al. 1994) and COR722b (5'-TAAACTTCAGGGTGACCAAAAAATYA-3') (WILKE & DAVIS 2000) for the cytochrome oxidase subunit I (COI) mitochondrial gene. The PCR conditions were as follows: initial denaturation step of 4 min at 94°C, followed by 35 cycles of 1 min at 94°C, 1 min at 55°C 2 min at 72°C, and a final extension of 4 min at 72°C. The total volume of each PCR reaction mixture was 50 µl. To check the quality of the PCR products 10 µl of the PCR product was run on 1% agarose gel. The PCR products were purified using Clean-Up columns (A&A Biotechnology) and the purified PCR products were amplified in both directions using BigDye Terminator v3.1 (Applied Biosystems), following the manufacturer's protocol and with the primers described above. The sequencing reaction products were purified using ExTerminator Columns (A&A Biotechnology); DNA sequences then underwent electrophoresis on an ABI Prism sequencer. All the sequences were deposited in GenBank (GenBank Accession numbers: KF193067-KF193085).
The COI sequences were aligned by eye and edited using BioEdit 5.0.0 (HALL 1999). K2P (KIMURA 1980) and p-genetic distances were calculated with MEGA4 (TAMURA et al. 2007 ). MEGA4 was also applied to phylogeny reconstruction with minimum-evolution approach (SWOFFORD et al. 1996 , NEI & KUMAR 2000 and K2P distances. Nodal support was estimated using the bootstrap approach (FELSENSTEIN 1985) with 10,000 replicates. [6] [7] [8] [9] [10] [11] , were all much bigger and lower-spired than the shells of S. robici. We have not found any differences in the genital anatomy among all the populations. Genetic p-and K2P distances are presented in Table 1 . The highest values (about 0.07) are between S. robici and the other populations; the distances among the other Sadleriana (not S. robici) populations are lower by about half (except for < 0.01 between 1 and 2). Minimum evolution tree based on composite likelihood distance (Fig. 12) shows the specimens from Moèilnik (locality 1) and the Sava River (locality 2) mixed in one highly supported (bootstrap support 100%) clade, belonging to a lower supported (69%) clade with the large specimens (S. fluminensis) from locality 3 (the type locality of S. robici). The topotypical S. robici population forms a highly supported (100%) sister clade of all the other populations. The S. robici haplotypes are more distant from the sympatric S. fluminensis ones than from the geographically farthest S. fluminensis population from the Zrmanja River.
DISCUSSION
The S. robici specimens were molecularly distinct from all the other studied specimens (including the syntopic S. fluminensis from locality 3). K2P distances between S. robici and S. fluminensis (about 0.07) in the Rissooidea fall within the zone characteristic either of weakly marked interspecific values or high intraspecific variation, but rather characterise interspecific values (e.g. PEREZ et al. 2005 , FALNIOWSKI & SZAROWSKA 2011 . BICHAIN et al. (2007) reported the threshold value 0.015 in the west-European Bythinella species. The 7% distance, the sympatric occurrence and the significant differences in shell characters considered, should be interpreted as interspecific. Thus, our data confirm that S. robici is a distinct species.
The other studied populations most probably represented S. fluminensis. Our molecular data show that this most widely distributed Sadleriana species is genetically rather highly differentiated. Molecularly the population from the Zrmanja River was distant from the ones from either Moèilnik or the Sava River, and the S. fluminensis population from the Krka source area (locality 3) was situated between the ones from Moèilnik, the Sava River and the Zrmanja River. The well-marked differences in shell habitus and size between populations from Moèilnik (Figs 6-7) and the Sava River (Figs 8-9 ) were coupled with small molecular differences between those two populations (two specimens from Moèilnik clustering within five specimens from the Sava). In shell size, the topotypical specimens of S. fluminensis from Moèilnik seem to resemble S. sadleriana. It is clear that shell characters cannot be sufficient for species distinction between the latter and S. fluminensis. This distinction is another question, not studied in this paper. On the other hand, the specimens from the Zrmanja River (Figs 10-11) located far from the other (Slovenian) localities, morphologically resembled the specimens from the Sava River and not the ones from Moèilnik. Considering the conchological and genital similarities and the level of genetic distance among the studied S. fluminensis populations the Zrmanja population also belongs to S. fluminensis.
